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Résumé :  
 
Un dispositif expérimental a été conçu afin de visualiser les régimes d’écoulements susceptibles 
d’apparaitre dans les conditions de fonctionnement similaires à celles des piles à combustible. Un 
traitement d’images élaboré sous MATLAB s’en est suivi pour extraire les informations pertinentes 
quant au régime d’écoulement enregistré. Une carte d’écoulement a été ainsi établie et rapportée 
dans cet article. 
 
Abstract: 
 
Two-phase air–water flow characteristics are experimentally investigated in horizontal square 
microchannel.  The transparent test section allowed recordings of various flow regimes that could 
appear in a similar fuel cell working conditions. A MATLAB algorithm was developed to 
automatically determine the flow structure (e.g. slug, droplet, plug film) yielding information 
pertaining to the flow structure.  A flow regime map is also reported in this work. 
 
Mots clefs :Two-phase flow, flow pattern, droplet, microchannel, Image 
processing. 
 
1 INTRODUCTION 
Fuel cells continue to gain attention fromautomotivemanufacturers as a potential alternative to internal 
combustion engines1, 2. The presence of water in the cell is necessary to sustain membrane 
hydration, but the accumulation of excess liquid water, referred to as flooding, can lead to an increase 
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in mass transport losses and reductions in performance and durability. The liquid water produced in a 
fuel cell must be quickly removed to maintain clear entrance pathways for more reactant gas to reach 
active sites on the Cathode.  
The main contribution of thisworkisdevoted to the understanding of water liquid transport through 
microchannel. A transparent canal similar to the actual full scale PEMFC fuel cell geometry was 
designed.  Direct optical visualization and image processing were then performed.  A technique was 
developed to automatically detect and characterize the two-phase flow patterns that might appear in a 
fuel cell during operation. This study should provide insight to two-phase flow key-structures and 
transitions of importance for adequate performance and critical water management in PEMFC fuel 
cellchannels 
 
2  Materiel and methods 
2.1  Test device and measurement 
 
A transparent test section was manufactured by the laboratory of integrate Energy Systems and 
Department of Mechanical Engineering of University of Victoria, BC 3.  A square pore of 50cm 
wide and 250 m gas channel were selected in the current study. “Fig.1.” shows the layout of the 
device used in this investigation. The apparatus shown in “Fig.2.” includes: chips, microscope, high 
speed camera, differential pressure sensor, water syringe pump, flow meter, data acquisition system. 
The liquid phase was injected through a membrane of a 50 m wide into a cross-flowing continuous 
air flow of 250 m width The two-phase flow development at the T-junction was imaged via a high 
speed camera (Phantom MiRo4 from vision Research Inc), with 800×600 images sizes CMOS active 
pixel sensor, 12 bits pixel depth and maximum full resolution frame rates of 1000 fps. The images 
were captured using an inverted fluorescent microscope (Zeiss Axiovert 200M) and magnify by 5X 
objective. Both fluid properties, density and viscosity, are assumed to be constant while flowing 
through the system. The interface formed between both fluids may evolve as drops, (film, slug or 
plug) according to their flow-rates. 
 
 
Figure 1.Experimental setup 
 
 
Figure 2. Mechanism for formation of micro droplets 
 
The water flow-rate was increased by small increments ranging from 0 l to 6l.  The system was 
allowed to reach steady state conditions before recording the air and liquid flow rates. Water injection 
was stopped, between two tests, until the microchannel was cleared of residual liquid and dried out by 
flowing dry air for about 10mn. The next test conditions were then established. The experimental 
conditions are summarized in table1.  
 
Table 1 Input conditions used in the ex situ experiments 
22
ème
Congrès Français de Mécanique Lyon, 24 au 28 Août 2015 
 
Flow Quality 
x 
Temperature 
T(°C) 
Pressure 
P(kPa) 
0.000 22.88 114.59 
0.051 24.03 114.38 
0.120 24.03 115.07 
0.256 23.88 114.79 
 
 
2.2  Image Processing and analysis 
 
A MATLAB algorithm was developed in analyzing the image in the flow channel. The program 
allows extracting flow parameters including contact angles, base diameter (width or the chord length), 
droplet height, radius of curvature, void fraction, co-ordinates and velocity of the triple point and the 
contact path.  During the experiments, all videos were converted to individual frames, where Digital 
image processing methods were performed, in order to extract information on two-phase flow patterns.  
The image processing can be summarized as frame conversion into a 2-D matrix and smoothed; 
determination of the contact points; the triple point velocity; the contact angles (advancing and 
receding Fig.3).  One should note that edge detection is performed in two ways: canny and Sobel edge 
approaches4.   
 
3  Some experimental results 
𝒙 = 𝟎 
 
In the absence of air flow a liquid bridge/plug configuration is shown in figure 3 (1). This equilibrium 
state remained up to t=4050.084ms. The contact angle and the critical liquid volume of the (Plug) 
bridge were measured at stability limits just before the deformation. The water bridge obstructed 
completely the air microchannel.  
 
𝒙 = 𝟎.𝟎𝟓𝟏 
 
The slug/plug flow is characterized by a large water formation in the channel where liquid 
water emerging from the pore increased up to the width of the channel; Fig.3 (2). Slugs 
occurred at moderate air flow. The emerging droplets grew, covering progressively the entire 
channel between and the air flow was blocked.  
 
𝒙 = 𝟎.𝟏𝟐𝟎 
 
At moderate air and water flow rates, the presence of water along the channel sidewall, 
in a thin film, was designated as film flow. Water droplets grew from the pore and 
contacted the channel sidewalls. Once in contact, the water immediately began to move 
down the channel walls as shown in Fig.3 (3). 
 
𝒙 = 𝟎.𝟐𝟓𝟔 
 
At high flow rate the process of droplet formation is prevalent.  Typical photographs of 
this flow pattern is shown in figure 3 (4). At these operating conditions, droplets were 
formed and moved easily from the surface. While the first droplet was leaving the 
surface, a second droplet was already growing and son on.  
. 
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Fig.3  Someexperimentalrecordings 
 
SCCM Standard Cubic Centimeter per Minute 
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